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Photo 1 – Main Street 
*Photo Credit: http://lifewithbeck.blogspot.com/2013/10/she-was-daytripper.html  
 

 Photo 2  - Copper Queen Hotel 
*Photo Credit: http://kyleandjensmith.blogspot.com/2012/08/adventures-in-bisbee.html 

 

 

 
Photo 3  - Bisbee Mining Museum 
*Photo Credit: http://journeysandwanderings.blogspot.com/2010/07/bisbee-az.html 

 Photo 4  - Copper Miner 
*Photo Credit: http://lifewithbeck.blogspot.com/2013/10/she-was-daytripper.html  
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Photo 5 – Bisbee, circa 1907 
*Photo Credit: http://arizona100.blogspot.com/2009/11/click-on-image-to-view-full-
size-right.html  

 Photo 6 – Bisbee Street Art 

 

 

 
Photo 7 – Bisbee Stairs and Public Sewer Lateral  Photo 8 -  Bisbee Stairs and Public Sewer Lateral 
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Photo 9 -  Bisbee Stairs and Public Sewer Lateral  Photo 10 - Bisbee Stairs and Public Sewer Lateral 

 

 

 
Photo 11 -  Bisbee Stairs and Public Sewer Lateral  Photo 12 - Bisbee Stairs and Public Sewer Lateral 
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Photo 13 - Bisbee Stairs and Public Sewer Lateral  Photo 14 - Bisbee Stairs and Public Sewer Lateral 

 

 

 
Photo 15 – Brick Pavers and Sewer Lateral  Photo 16 – Exposed DIP Sewer Lateral 
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Photo 17 – Exposed DIP Sewer Lateral and Fittings  Photo 18 – Multiple Utilities 

 

 

 
Photo 19 – Narrow Streets  Photo 20 - Narrow Streets 
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Photo 21 -  Narrow Streets  Photo 22 -  Narrow Streets 

 

 

 
Photo 23 – CCTV Still Shot of Root Intrusion  Photo 24 – CCTV Still Shot of Collapsed Pipe 
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EXECUTIVE SUMMARY 

WestLand Resources, Inc. (WestLand) and the City of Bisbee (City) developed and executed this Sewer 
Lateral Evaluation Pilot Project, to review and evaluate the condition of existing public sanitary sewer 
laterals serving historic Old Bisbee. The Sewer Lateral Evaluation Pilot Project was funded using grants 
from the Water Infrastructure Finance Authority (WIFA) and Border Environment Cooperation 
Commission (BECC), and a significant local match was provided by the City as in-kind services through 
City personnel’s extensive work on the project. This report forms the basis for the approach to the 
evaluation, design, and construction associated with improvements to public sewer laterals throughout 
Old Bisbee, such that the City can proceed with development of the required improvement projects, 
inclusive of funding acquisition, engineering documentation, bidding, and construction.  

Public sewer laterals are defined by the City as all sewer laterals serving more than one house or building. 
These laterals are considered part of the public sewer system and the City is responsible for their 
operation and maintenance; the property owner is responsible for the House Connection Sewer (HCS) 
serving a single building. This project was undertaken by the City due to the known issues with sewer 
laterals throughout Old Bisbee, and the prevalence of sanitary sewer overflow and exfiltration issues due 
to inadequate sewer lateral condition. The City responds to all sanitary sewer overflows, in either public 
or private laterals, due to the potential health risks to the public. Although the 2005 Bisbee Sewer 
Rehabilitation project greatly improved the sewer conditions and maintenance considerations for mainline 
sewers throughout Bisbee, the required emergency response involved with the frequent backups and 
overflows of public and private laterals requires a significant investment of resources by the City, in terms 
of both capital and personnel. The current situation results in a continuous mode of reactive maintenance, 
which reduces the ability of the City to perform proactive maintenance of mainlines and laterals, or to 
engage in significant sewer lateral improvement projects.  

The pilot project area was selected by the City as being generally indicative of conditions throughout Old 
Bisbee, representing some of the most difficult areas for access and repair of sewer laterals. This area 
includes the public laterals that drain into the public sewer mains located along Naco Road, OK Street, 
east of Brewery Avenue, up to and including Youngblood Hill. The pilot project area investigations 
included 31 separate laterals connecting in 21 unique locations to the sewer mainlines. The pilot area 
includes approximately 4,000 linear feet (lf) of public sewer laterals serving approximately 115 homes 
and businesses, of the estimated 1,300 homes and businesses in Old Bisbee. Not all buildings in Old 
Bisbee connect to a public sewer lateral, as many HCSs are connected directly to a mainline sewer. 

The City of Bisbee Sewer Lateral Evaluation Pilot Project entailed field review of public sewer laterals 
through visual and closed circuit television (CCTV) inspection, evaluation of the current conditions, and 
review of options associated with the repair, rehabilitation, and/or replacement. Extensive issues were 
documented through the CCTV and field inspections, such as root intrusions, deposition and other 
blockages, severe corrosion, holes and other damage, cracked and offset joints, steep grades, severe grade 
changes, numerous bends, and a general lack of accessibility for maintenance. In general, the existing 
sewer laterals reviewed in the pilot area were discovered to be in poor or failed condition and some type 
of repair, rehabilitation, and/or replacement would be recommended for the majority of the sewer laterals.  
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The conditions in Old Bisbee, such as steep terrain, narrow corridors, limited access, aged and historic 
structures in and near the project area, and proximity of other utilities, create unique and challenging 
engineering and construction constraints. The sewer laterals reviewed in the Pilot Project area were 
evaluated and ranked for a variety of criteria, including the condition of the pipe, bends, and grade 
changes, proximity to other utilities, accessibility, and possibility for sewer relocation or replacement. A 
number of repair, rehabilitation and replacement options were considered as a part of the project, and it is 
likely that a number of different techniques will be applicable throughout Old Bisbee as sewer laterals are 
evaluated in further detail and rehabilitation is planned and executed. The planned rehabilitation of sewer 
laterals will have to address a multitude of issues surrounding the actual construction project, such as 
property ownership, historic preservation, safety and accessibility concerns, condition of private HCSs, 
regulatory requirements for typical sewer construction and utility clearances, as well as the associated 
construction challenges.  

Having undertaken this Pilot Project as the first step in the pre-design process, the next steps for the City 
include continued discussion with funding agencies regarding the availability of funding and the 
appropriate contracting approaches, and the preparation of funding agency documentation regarding the 
proposed rehabilitation project. Along with applications to funding agencies, the City will prepare a 
Preliminary Engineering Report (PER) to document the conditions, needs, options, costs, and preferred 
alternatives for sewer lateral rehabilitations, as well as the supporting Environmental Report (ER) 
documentation.  

The construction cost for each sewer lateral and the overall project will be highly dependent on the 
method of rehabilitation, the specific conditions associated with each lateral, and the overall approach to 
the project. The PER will further evaluate options and costs for the sewer lateral rehabilitation project, but 
for purposes of high-level budgetary estimates, the cost for a complete sewer lateral rehabilitation project 
has been estimated in the range of approximately $15,000 to $30,000 per home/business in the Old 
Bisbee area, with total project cost that could be as high as $30 million. The high anticipated cost relates 
almost exclusively to the challenges and timeframes associated with construction on the stairways and 
hillsides of Old Bisbee. 

The overall sewer lateral rehabilitation project for Old Bisbee is anticipated to be split into a number of 
phases, which will allow manageably sized design and construction projects to be broken out, with 
selected sewer lateral rehabilitation construction projects proceeding while other portions are in the 
design and procurement process. A total of six project phases are conceptually planned, with each phase 
consisting of pre-design, design, permitting, bidding, and construction processes that would span 
approximately three years. The design and permitting of later phases would overlap construction of the 
earlier phases such that the total project timeline to rehabilitate all sewer laterals in Old Bisbee is 
expected to be approximately 12 years.  
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1 PROJECT OVERVIEW 

WestLand Resources, Inc. (WestLand) has prepared this report to document the results of the City of 
Bisbee Sewer Lateral Evaluation Pilot Project, which consisted of review and evaluation of the conditions 
of existing public sanitary sewer laterals serving a portion of the City of Bisbee (City). The City consists 
of three distinct geographic areas, known as Old Bisbee, Warren, and San Jose. The historic Old Bisbee 
area generally developed around the turn of the last century, with later development of the Warren in the 
1920’s and San Jose in the 1950’s. This pilot project focused on a representative area within Old Bisbee, 
and future sewer lateral evaluation and rehabilitation projects are generally expected to focus on the Old 
Bisbee area. This portion of the City sewer system contains the oldest sewer laterals, and the majority of 
the known sewer condition problems and recurring maintenance issues are within the Old Bisbee area. 

Public sewer laterals are defined by the City as any sewer lines serving more than one house or building. 
These laterals are considered part of the public sewer system and the City is responsible for their 
operation and maintenance; the homeowner is responsible for the House Connection Sewer (HCS) 
serving the individual building, from the building to the sewer lateral connection. The City of Bisbee 
Sewer Lateral Evaluation Pilot Project entailed field review of public sewer laterals through visual and 
closed circuit television (CCTV) inspection, evaluation of the current conditions, and review of options 
associated with the repair, rehabilitation, and/or replacement. This project was undertaken by the City due 
to the current condition of the sewer laterals and resulting frequency of emergency responses throughout 
Old Bisbee. The prime motivation behind this planned sewer lateral rehabilitation project is the 
prevalence of sanitary sewer overflow and exfiltration issues due to inadequate sewer lateral condition. 

The pilot project area was selected by the City as being generally indicative of conditions throughout Old 
Bisbee, representing some of the most difficult areas for access and repair of sewer laterals. This area 
includes the public laterals that drain into the public sewer mains located along Naco Road, OK Street, 
east of Brewery Avenue, up to and including Youngblood Hill. Through coordination with City personnel 
on mapping prepared for the pilot project, as well as field reconnaissance and CCTV evaluation, the pilot 
project area was determined to include 31 separate laterals connecting in 21 unique locations to the sewer 
mains. The pilot area includes approximately 4,000 linear feet (lf) of public sewer laterals serving 
approximately 115 homes and businesses, of the estimated 1,300 homes and businesses in Old Bisbee. 
The extent of the pilot project area within the Old Bisbee area is shown on Figure 1. The layout of the 
laterals reviewed for this project is shown on Figure 2. 

This report will form the basis for the approach to the evaluation, design, and construction associated with 
improvements to public sewer laterals throughout Old Bisbee, such that the City can proceed with 
development of the required improvement projects, inclusive of funding acquisition, engineering 
documentation, bidding, and construction. In general, the existing sewer laterals reviewed in the pilot area 
were discovered to be in fairly poor condition and some type of repair, rehabilitation, and/or replacement 
would be recommended for the majority of the sewer laterals. The conditions in Old Bisbee, such as steep 
terrain, narrow corridors, limited access, aged and historic structures in and near the project area, and 
proximity of other utilities, create unique and challenging engineering and construction constraints.
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2 EXISTING SEWER SYSTEM  

2.1 SEWER SYSTEM OVERVIEW 

The City currently operates and maintains over 200,000 linear feet (approximately 40 miles) of sewer 
mains. This includes both the public mainline sewers, 6- to 8-inch and greater in the streets and alleys, as 
well as the smaller public sewer laterals. In addition to the sewer mainlines, the City assumes 
responsibility for the operation and maintenance of all sewer laterals that serve more than one home or 
building.  

As documented in previous studies, the City had historically experienced excessive inflow and infiltration 
(I&I) in the Old Bisbee area, resulting in sanitary sewer overflows and surcharge of the treatment plant. In 
August 2005, Barnard Construction completed the rehabilitation of the public mainline sewers throughout 
the entire City. This rehabilitation, which was a combination of sliplining and replacement, focused on the 
sewer mainlines 6-inches and greater between manholes. The public mainline sewers are now generally 
comprised of polyvinyl chloride (PVC), with some ductile iron pipe (DIP). Until 2006, the wastewater 
generated in Old Bisbee was treated at the Mule Gulch Wastewater Treatment Plant. As a result of the 
2005 Bisbee Sewer Rehabilitation project, the wastewater from Old Bisbee is currently treated at the 1.2 
million gallon per day (MGD) San Jose Wastewater Treatment Plant. Lateral sewers (public and private) 
were not addressed as part of the 2005 construction project; the public sewer laterals are now the focus of 
this report.  

The City of Bisbee has historically experienced large numbers of sewer backups and overflows. In a 
period of approximately nine months from November 2011 to mid-August 2012, the city received 229 
notifications reporting an issue with the sewer system requiring emergency response by City Wastewater 
personnel. The majority of these calls were regarding issues in the Old Bisbee area, and three-fourths of 
the calls were regarding public laterals, although the City responded to many issues on private HCSs as 
well. Approximately 50 of these 229 events resulted in the reporting of a Sanitary Sewer Overflow (SSO) 
to the Arizona Department of Environmental Quality (ADEQ). The current condition of the sewer laterals 
and the resulting issues create a potential health and safety hazard to the public and the environment; 
untreated human waste has a potential to contaminate soil and water, and can transmit pathogens to 
humans and animals. The City responds to all sanitary sewer overflows, in either public or private 
laterals, due to the potential risks to the public. 

The City often decides to perform emergency repairs on private HCSs, in an effort to provide adequate 
and timely protection of public health and safety, and then must attempt to recover the costs of the HCS 
repair from the homeowner. Reimbursement for such repairs is very rarely provided by the property 
owner. Many times it is difficult to distinguish between public and private laterals; this report will help to 
better define the limits of public laterals and HCS locations in the pilot area.  
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The required emergency response involved with the frequent backups and overflows of public and private 
laterals requires a significant investment of resources by the City, in terms of both capital and personnel. 
The current situation results in a continuous mode of reactive maintenance, which reduces the ability of 
the City to perform proactive maintenance of mainlines and laterals, or to engage in incremental sewer 
lateral improvement projects.  

Virtually all of the public sewer laterals in Old Bisbee share several general characteristics. They are 
generally 4-inch or 6-inch in diameter. The vast majority of the laterals were originally installed in the 
early 1900’s and have experienced significant deterioration over time. The majority of the public sewer 
laterals run up the hillsides or the numerous staircases that provide access to homes and businesses on the 
terraced hillside throughout Old Bisbee. Because of the layout of the Old Bisbee area and the location of 
the sewer laterals, a significant proportion of the pipes were installed at an excessive grade, often greater 
than 30 percent and occasionally vertical or nearly vertical. Most portions of the sewer laterals in Old 
Bisbee are installed at depths that provide less than three feet of cover, although occasional sections are 
much deeper due to the local conditions.  

The majority of the public sewer laterals connect to the public mainline sewers via either a 90-degree tap 
or 45-degree wye connection. Very few of the public sewer laterals connect to the mainline sewers at a 
manhole, and such connections and laterals are difficult to locate in the field. The connections of HCSs to 
public laterals are often fairly inaccessible, due to their locations under buildings, stairs or other 
obstructions. It is estimated that 20 to 50 percent of HCS connections to the laterals are relatively 
inaccessible, with better accessibility in outlying areas and worse accessibility in the more crowded 
downtown areas of Old Bisbee. 

Great variation exists in the materials of construction of the sewer laterals. The original laterals were 
constructed from a combination of transite (asbestos cement, or AC), glazed and vitrified clay, cast iron, 
and other assorted materials. Occasionally there are several different materials used within one section of 
sewer lateral. Outside of the pilot area, there are reported to be some laterals constructed of redwood. 
Lateral sections that have been repaired or replaced over the last few decades are generally comprised of 
either PVC or DIP.  

2.2 STATUS OF PUBLIC SEWERS  

Typical conventional sanitary sewer systems have a demarcation between what is considered “public”, 
and is the responsibility of the agency (utility), and what is “private”, and the responsibility of the 
property owner. The sewer HCS running from the building to the sewer main are generally considered to 
be private by most municipalities and wastewater utilities. Historically, the City has considered any sewer 
lateral that has two or more connections to be a public sewer. Private laterals or service lines are those 
that only receive flow from a single property. Figure 2 shows the current layout of both the public and 
private sewer laterals for the pilot project area.  

Ownership and maintenance responsibility for the sewer laterals in Old Bisbee can be significantly 
complicated by the layout of the sewer system and lots on the hillsides and terraces throughout the City. 
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Under the current approach, when a new upstream connection is made to what was previously a “private” 
lateral serving one home, it would then become a “public” line up to the new connection. When this 
occurs, the City must assume responsibility for operation and maintenance of the lateral, and address 
access issues for sewer maintenance on the public lateral. This condition represents significant potential 
for additional future sewer system responsibility, and a commitment to operate, maintain and repair a 
larger sewer system. Due to the age of the existing system, the City may need to require the repair, 
rehabilitation or replacement of existing laterals prior to acquiring the additional laterals and taking 
maintenance responsibility. Such considerations are outside the scope of this pilot project, but need to be 
considered by the City due to the economic effect on the long-term cost of system operation and 
maintenance. 

Public sewer laterals are not always within a City owned right of way (ROW) or easement, and the City 
currently has in place an ordinance (City Ordinance Number 13.4.2) which allows the City access to any 
existing public sewer lateral for operations and maintenance, regardless of the underlying property 
ownership. Performing rehabilitation of the existing public sewer laterals provides an opportunity for 
perfecting the City’s ownership of and access to the property associated with public laterals. This may 
require action by legal professionals and the City Council and is outside the scope of this report.  

2.3 GENERAL SEWER SYSTEM DESIGN CONSIDERATIONS 

The sanitary sewer system in Old Bisbee is intended to function as a conventional gravity sewer system. 
The wastewater, consisting of both solids and liquids, flows from the building drain pipes into the lateral 
sewers, then downhill into the sewer mains located in the streets and alleys. The pipes are not designed to 
run full, and are not pressurized. Conventional gravity sewers do not require any onsite pretreatment of 
wastewater, and do not contain any wastewater storage.  

A conventional gravity sewer system functions best when the sewage velocity is sufficient to prevent 
suspended materials from settling out of solution, but not so excessive that the liquids “outrun” the solids, 
resulting in deposition of solids. Additionally, a constant downhill gradient must be maintained along the 
entire length of the pipeline to maintain self-cleaning flows. If self-cleansing velocity is not achieved 
regularly deposition of solids will occur, which can result in blockage of the pipe. The public lateral 
sewers in the pilot area of Old Bisbee generally have sufficient slopes available to allow for frequent self-
cleansing velocities; however solids deposition inside the pipe is a primary issue with sewer laterals in 
Old Bisbee. The flow of the wastewater in a pipe is the product of the cross-sectional flow area and the 
velocity of the wastewater. Therefore, as the velocity of the flow increases, the depth of the flow 
decreases. High wastewater flow velocities correspond with shallow depth and this low depth will often 
cause larger objects to separate from the liquid and become lodged in the pipe invert. These obstructions 
may cause wastewater to back up, and may eventually cause an overflow, or exfiltration of sewage at 
offsets or cracks in the pipe. The causes of solids deposition are often aggravated by broken, sagging, or 
offset pipe.  

Scouring of the sewer pipe’s smooth interior occurs due to abrasion by the suspended solids in the 
sewage. The scouring is more significant at high flow velocities, so flows should be limited to non-
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scouring velocities. The exact value depends on the material of the sewer pipe. Flow velocity greater than 
10 feet per second can be abrasive to softer pipe material, especially if high grit loads also occur. Softer 
pipe materials can erode and allow wastewater to seep out of the pipe and penetrate into surrounding 
soils. Pipe velocities greater than 15 feet per second may cause significant impact on pipe bends from 
solids. This impact can cause shifting of the pipe in loose soil, cracking of brittle pipe materials such as 
A/C, and/or separation of pipe joints. The steep slopes in the Old Bisbee Sewer System cause high flow 
velocities in many laterals, and this is a contributing factor to the many offset joints, eroded, and cracked 
pipes noted in the CCTV evaluation.  

Modern conventional gravity sewers will typically use backwater valves on the building or house sewer to 
prevent wastewater from the sewer main from backing up and flooding the building. Most HCSs in Old 
Bisbee do not have backwater valves, and if the building has piping fixtures lower than the next upstream 
manhole cover or cleanout cover, they can experience sewage backups into the interior of the home in the 
event of a sewer lateral backup. 

In proper conventional gravity sewer design, access manholes or cleanouts are provided at all pipe 
intersections, and vertical or horizontal alignment changes to allow a wastewater operator to access the 
pipe for maintenance. Sewers that travel significant distances without intersections or alignment changes 
may require intermediate manholes, which are generally spaced based on the size of the sewer line. Many 
of the public sewer laterals in the City contain alignment changes, both vertical and horizontal without 
proper access for removing any blockages. These alignment changes can also cause suspended solids to 
collect, which may create a backup of sewer flow and eventually an overflow. The lack of access on 
alignment changes, as well as the poor overall condition of sewer laterals, requires significant effort by 
City of Bisbee wastewater personnel to maintain proper sewer function.  

3 PREVIOUS STUDIES OF THE OLD BISBEE SEWER SYSTEM 

There have been a several studies previously performed in the City which have included review and 
evaluation of the condition of the sewer system. These studies generally focused on the mainline sewers 
and manholes, and the majority of the issues identified in these studies were addressed during a major 
construction project in 2005 which entailed the rehabilitation and/or replacement for the majority of the 
public mainline sewers throughout the City. However, the previous studies provided historical context 
and evaluation information that was useful in the review phase of the sewer lateral evaluation pilot 
project. The previous studies reviewed as a part of this project are described in the following sections. 

3.1 EXECUTIVE SUMMARY WASTEWATER MANAGEMENT PLAN – ENGINEERING ANALYSES 

REPORT 

Gannett Fleming, Inc., in conjunction with the Border Environment Cooperation Commission (BECC) 
and the City performed CCTV and manhole condition assessment investigations in 1998. This report 
focused mainly on the public mainline sewers and the associated manholes, although the conditions 
described for the sewer mainlines are generally paralleled by WestLand’s findings regarding the sewer 
laterals. 
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3.2 SANITARY SEWER EVALUATION SURVEY (SSES)  

The SSES was developed for the City in 1980, and included smoke testing, physical survey of the 
mainline sewers, laterals, and manholes; cleaning, CCTV inspection, evaluation, and a survey report. This 
included the area of Old Bisbee. The main findings of the SSES pertaining to the laterals in Old Bisbee 
included: 

• The sewers in Old Bisbee were constructed at excessive gradients. 

• The lack of adequate cleanouts and manholes at key locations contribute to the City’s inability to 
properly maintain the collection system. 

• The majority of sewers were in poor condition and had reached the end of their useful life. 

• Inflow from uncapped sewer services and infiltration through cracked services were a major issue 
for the operation of the sewer system and treatment plant. 

Many of the issues that the SSES described regarding the public mainline sewers and manholes in Old 
Bisbee were addressed during the 2005 rehabilitation/replacement project. However, other than localized 
repairs, the issues associated with the public sewer laterals have not been remedied. 

4 SEWER LATERAL EVALUATION 

4.1 METHODS OF EVALUATION 

The field and engineering analysis of the existing wastewater system in Old Bisbee was performed in 
cooperation between WestLand and City personnel. The City provided the Public Works Department 
Wastewater Division staff expertise and time, as well as maps and hand-drawn renderings and 
descriptions for all sewer laterals in the pilot project area. The renderings and descriptions developed by 
Mr. Mike Teran of the City of Bisbee Wastewater Division (Appendix A) greatly improved the results of 
this pilot project and made the field location of bends and connections much easier to represent in the 
mapping and concept design prepared for this project. The as-built drawings from the 2005 Sewer 
Rehabilitation Project (sewer mainlines throughout Bisbee) were also provided. The City additionally 
performed CCTV inspection of all accessible laterals within the pilot project area. These CCTV 
recordings were reviewed by WestLand personnel and evaluated as to condition. Initially, WestLand 
planned to rate the condition of the existing laterals using the (NASSCO) Pipeline Assessment and 
Certification Program (PACP). This approach was ultimately rejected due to the advanced deterioration of 
the sewer laterals in the majority of the pilot area (as detailed in the following sections). In short, the 
sewer laterals were generally too degraded to be meaningfully evaluated and graded by PACP methods. 

Field inspection and above-ground review of the sewer lateral corridors in the pilot area were conducted 
by a team of WestLand and City personnel. The locations of these laterals were photographed to 
document conditions surrounding the pipeline, and when available, the location of other utilities and 
potential design and construction constraints were noted. Field photos of each lateral run are provided in 
Appendix B. 
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4.2 PILOT AREA SEWER SYSTEM LAYOUT 

The layout of the sewer mainlines and public sewer laterals as determined from City mapping and the 
field review of the pilot area is provided in Figure 2. This mapping was developed in a Geographic 
Information System (GIS) format that will allow the City to pull the available mapping and data into their 
own GIS system as it develops. The GIS database is populated with data regarding each section of pipe in 
the project area, including size, material, and condition information. The system also ties the lateral to a 
specific sewer main, providing the location of connection and a link to the As-Built drawings for the 
existing sewer main from the rehabilitation project performed in 2005. The database currently has empty 
placeholders for the depth and slope of the pipe that can be populated as that information is determined in 
the field. It is estimated that the sewer laterals in the pilot project area comprise approximately 10% of the 
total laterals in the Old Bisbee area. 

4.3 CCTV AND FIELD EVALUATION 

As mentioned earlier, the City performed CCTV inspections and evaluations of the entire pilot area. This 
CCTV footage was reviewed and evaluated by a NASSCO-certified WestLand inspector. The City and 
WestLand both felt that less than five percent of the sewer laterals reviewed would be considered 
serviceable based on the CCTV evaluation. Blockage of the pipe to the extent that the CCTV camera 
could not pass through was noted in many locations, requiring abandonment of the CCTV process for that 
line. It is estimated that approximately 25 percent of the sewer laterals were not able to be reviewed by 
CCTV due to these conditions. Specific problems noted based on the CCTV inspection include: 

• Root intrusion 
• Numerous bends in piping 
• Unacceptable degree of bends in piping 
• Severe grades and grade changes 
• Holes in the top of pipe 
• Damaged service taps 
• Broken pipe 
• Cracked joints 
• Offset joints 
• Heavy corrosion 
• Lack of pipe at certain locations (i.e. the pipe material has partially or completely corroded or 

broken away, leaving only a void in the soil or concrete where the pipe used to be) 
• Inadequate physical access to lateral for maintenance 
• Inadequate physical access to lateral at point of connection to public mainline sewer in streets and 

alleys 
• Public sewer laterals running under buildings, with direct connections from private plumbing to 

the public lateral occurring under the building 

A log of CCTV records is included in Appendix C.  
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4.4 SEWER LATERAL GRADING CRITERIA AND EVALUATION 

In order to facilitate the selection of appropriate repair, rehabilitation, and/or replacement methods, 
WestLand prepared a grading system for the sewer laterals within the pilot area. This grading system 
focuses on several key factors, generally relating to physical aspects of the lateral and its surroundings, 
including the accessibility of the sewer line, the proximity of the sewer line to existing utilities, the 
amount of space available for rerouting the pipe, the amount of bending and grade changes in the lateral, 
and the overall condition of the lateral. Considerations relative to all of these factors are discussed in 
detail in later sections. The table showing the results of the rankings is presented as Figure 3. The 
following sections provide the basis for the grading criteria used in the table provided.  

4.4.1 Condition of Pipe 

The lateral in question was rated in terms of the overall condition of the lateral. This rating goes from A 
to F, with the rating based on the following: 

Grade A =   Pipe is structurally sound, including joints. No cracks, offsets, or root intrusions. 
Passable by CCTV camera. 

Grade B =  Pipe may have cracks and leaky joints. No offsets or root intrusions. Passable by 
CCTV. 

Grade C =  Pipe may have cracks and leaky joints. Pipe may have offsets up to 25% of pipe 
diameter. Minimal root disturbance. Passable by CCTV. 

Grade D =  Pipe may have offsets greater than 25%, may be missing sections of pipe. 
Structurally unsound. Root disturbances exist. Passable by CCTV.  

Grade F =  Pipe may have offsets greater than 25%, may be missing large sections of pipe. 
Structurally unsound. Significant root disturbances. Lateral not passable by 
CCTV.  

4.4.2 Pipe Bends and Grade Changes  

This rating goes from A to F, with the rating based on the following rubric: 

Grade A =  Lateral is straight and contains no grade changes between cleanouts. 
Grade B =  Lateral contains no grade changes, but contains one bend of less than 45 degrees 

between cleanouts. 
Grade C =  Lateral contains bends and grade changes between cleanouts, but bends are less 

than 45 degrees each and total less than 135 degrees. 
Grade D =  Lateral contains bends and grade changes between cleanouts, but bends are less 

than 90 degrees each and total less than 135 degrees. 
Grade F =  Lateral contains bends and grade changes between cleanouts. Contains a bend 

greater than 90 degrees. 
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4.4.3 Proximity to Other Utilities 

The lateral in question was rated in terms of the proximity and issues with adjacent utilities. This rating 
goes from A to F, with the rating based on the following: 

Grade A =   Pipe currently at least 10 feet horizontally from existing water. Electricity and 
gas line at least six feet away. 

Grade B =  Pipe at least six feet away from all other utilities except for locations where they 
cross. 

Grade C =  Pipe at least six feet from waterline. Electricity and gas within 4 feet. 
Grade D =  Existing pipe within two feet of other utilities. Minimal crossings.  
Grade F =  Existing pipe within two feet of other utilities. Frequent crossings between 

utilities. Pipe may cross over existing waterline. 

4.4.4 Accessibility 

The lateral in question was rated in terms of challenges to constructability due to access and safety 
considerations. This rating goes from A to F, with the rating based on the following: 

Grade A = Ability to drive a Heavy Duty vehicle to all points on the lateral. Manhole at the 
downstream end of the run and cleanout at all bends along the run. No 
obstructions overhead. No steep slopes, areas of possible unstable footing, or 
high walls located along pipe alignment. 

Grade B =  Able to park a heavy vehicle near pipe. Manhole at the downstream end of pipe, 
cleanout at top. Minimal overhead obstructions. Some sections of steep slope 
and/or possible unstable footing. 

Grade C =  Able to park a light vehicle near downstream end of pipe. Manhole or other 
access near downstream end, cleanout at top. Significant overhead obstruction. 
Significant sections of steep slopes and/or possible unstable footing. May include 
a high wall with a potential for falling or falling debris. 

Grade D =  Able to park a short walk from downstream end of pipe, no access at downstream 
end of pipe. Cleanout or other access at top. May have significant sections of 
steep or possible unstable footing. May contain a high wall with a potential for 
falling or debris.  

Grade F =  No parking near site. No cleanout access at top or bottom of pipe. No overhead 
access. Contains significant sections of steep slopes and possible unstable 
footing. Contains a high wall with significant potential for falling or debris. 

4.4.5 Possibility of Sewer Relocation 

The lateral in question was rated in terms of the considerations related to the ability to change the existing 
sewer alignment when the sewer is rehabilitated. The ability to move the sewer is affected by a number of 
factors. In many instances in Old Bisbee, there is simply no room to place a pipe other than the location 
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that it currently occupies. A rating of D or F in this category would make in-situ rehabilitation methods 
more preferable than relocation. This rating goes from A to F, with the rating based on the following: 

Grade A =   No historic stairwells. Open space in easement for utility that is at least 10 feet 
from existing waterline. No immediately adjacent buildings. 

Grade B =  No historic stairwells. Open space in easement that is at least 6 feet from existing 
waterline. Buildings may be adjacent, but are structurally sound. 

Grade C =  Historic Stairwells present with enough space on the side for concrete 
encasement. Buildings present but structurally sound.  

Grade D =  Historic stairwells present and too narrow for concrete encasement. Buildings 
adjacent but structurally sound.  

Grade F =  Historic stairwells present and too narrow for concrete encasement. Buildings 
adjacent and of unknown structural stability.  

5 REPAIR, REHABILITATION, AND REPLACEMENT OPTIONS 

The repair, rehabilitation, and/or replacement of the existing public sewer laterals throughout Old Bisbee 
will likely require several different methods in order to bring the conveyance system up to current and 
acceptable standards for ongoing operation and maintenance. The following sections provide alternatives 
that may be used in the appropriate conditions. Differing challenges encountered for each sewer lateral 
may make certain methods preferable and others infeasible. The anticipated applications and challenges 
associated with various options are discussed in the following sections, and construction and other 
challenges are further discussed in Chapter 7. Examples and vendor information for various in-situ 
rehabilitation options discussed in this section are included in Appendix D. 

5.1 ALTERNATIVE 1:  CURED-IN-PLACE-PIPE (CIPP) 

CIPP involves inverting an epoxy-impregnated felt tube, occasionally called a “sock”, into the host pipe. 
This sock is pressed into proper position using either air or water pressure to expand and fill the original 
pipe. The sock is then heated or exposed to UV light and cured for several hours to harden. Once cured, 
the new pipe is a solid, continuous, and impermeable pipe which can be manually cut at manholes, 
cleanouts, and HCS connections. A robotically-controlled hole saw may be employed to recut existing 
HCSs.  

CIPP is typically installed from an upstream access point, either at an excavation or at a manhole or 
cleanout. Technology exists for a cleanout to be used as an access point, allowing CIPP to be installed on 
the existing laterals in Old Bisbee under certain conditions. CIPP may also be installed from the 
downstream end, although installation from a downstream end, along a steep gradient, to a blind end has 
the greatest risk of failure. 

The Old Bisbee Sewer Lateral Rehabilitation Project contains several specific challenges to CIPP that 
would have to be overcome for a successful installation. The limited access and staging areas on many 
runs would necessitate the use of lightweight, portable CIPP equipment to navigate the steep and narrow 
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stairways and access the upstream end of the involved laterals. The liner must also be able to navigate the 
offsets and bends contained within each run. Differing liners have greater or lesser capacity to navigate 
offsets, although offsets of up to 25% of pipe diameter have been successfully overcome. It is important 
to note that the degree of the offset may be somewhat reduced by lining, but an offset still remains after 
the liner is installed, which may continue to limit flow or cause deposition problems. Offsets that are 
either unable to be lined, or will unacceptably limit flows, will require spot repairs involving excavation 
to allow rehabilitation with CIPP. Liners also vary in their ability to navigate turns and bends. Cleanouts 
should typically be added in these locations, which will provide a new access point for CIPP. These 
cleanouts provide the additional benefit of improved access for maintenance personnel. If there is already 
a nearby cleanout, the turns and bends may be excavated and reconstructed to reduce the severity of the 
bends prior to CIPP.  

The City may choose to rehabilitate the connections to the HCSs as well as the sewer lateral. HCS 
connections can be re-lined with many technologies. Some technologies are able to line a section of the 
main lateral at the same time as a length of the HCS, or a separate lining procedure can be performed for 
the HCS connections. Since it is anticipated that many HCS connections would be in as poor condition as 
the lateral, this may improve the overall condition of the sewer system significantly; however, the City 
needs to determine the level of responsibility for HCSs that it wishes to assume.  

The limited excavation involved in CIPP makes this a good alternative when it is physically feasible, but 
CIPP may not be feasible in many situations. If root intrusion is too great, if sufficient cleaning cannot be 
ensured such that good adhesion of the CIPP would be expected, or if the line contains many areas that 
require spot repairs, then the use of CIPP may not be possible or may not be the most cost effective 
alternative. CIPP should not be used if the existing pipe is broken to the point of being impassible or 
insufficiently sized for the flows experienced. In addition, the equipment and access requirements for 
CIPP installation may render this option infeasible in many areas of Old Bisbee where sufficient staging 
and working location is not available, or where the location, length from the access point, and elevation 
ranges of the lateral runs exceed the capabilities of the equipment.  

In locations where CIPP is the preferred option, temporary rerouting of the existing sewage flow must be 
provided during the installation and curing process, or homeowners must be relocated during 
construction. 

5.2 ALTERNATIVE 2: SLIPLINING 

Sliplining is a rehabilitation technique where a smaller “carrier pipe” is inserted into a larger “host pipe”, 
and the annular space between the pipes is grouted. In this project, the existing sewer line would be the 
host pipe.  

The process has two major options, continuous and segmented. Typically, the carrier pipe in continuous 
sliplining is High Density Polyethylene (HDPE), although fusible PVC is also used. The pipe is pulled 
through the existing host pipe at an insertion pit, and exits into a receiving pit. Ideally, one or both of 
these pits is a manhole or other existing access point. The fusion process for joining HDPE or fusible 
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PVC creates a monolithic pipe system, resulting in strong, leak-free joints. This greatly decreases the 
possibility of infiltration or exfiltration. In segmented sliplining, other pipe materials are used, including 
bell-and spigot style pipes; the individual pieces of pipe are pushed together and into the existing pipe. 

The primary advantages of sliplining are generally the relatively low cost due to limited excavation when 
long pipeline lengths can be lined in one pull, and ease of use. Sliplining uses tools that are widely 
available to contractors. Sliplining also may add to the structural integrity of the host pipe. Sliplining is 
one of the oldest methods of trenchless rehabilitation techniques, and has a known history of success. 

The chief disadvantage of sliplining is that it greatly decreases the cross-sectional area of flow. This is 
due to the size differences between the inside diameter of the existing pipe, the outside diameter of the 
carrier pipe, and the wall thickness of the carrier. The sewer laterals in Old Bisbee are already somewhat 
undersized for typical gravity sewer design, and this method of pipe rehabilitation would exacerbate the 
problem. Also, bends, offsets, and other obstructions in the existing pipe would make installation of a 
carrier pipe over longer lengths difficult or impossible, especially with a carrier pipe that is close in size 
to the host pipe. Another disadvantage of sliplining includes the difficulty in connecting to existing HCSs, 
as all connections would require excavation. Sliplining would also require bypassing the existing flow 
during construction or temporary relocation of homeowners. The disadvantages of pipe size alone, 
combined with other potential challenges, make sliplining generally unsuitable for the sewer laterals 
encountered in the pilot project area, although it is possible that larger pipes may be encountered in other 
parts of Old Bisbee and this option may be feasible in some locations.  

5.3 ALTERNATIVE 3: PIPE BURSTING 

Pipe bursting involves winching a bursting head through the existing pipe using pneumatic or hydraulic 
force to push outward on the walls of the pipe. Generally, HDPE or fusible PVC pipe is attached to the 
bursting head and is pulled into place as the original pipe breaks outward, although other materials such 
as cast iron or steel may be used.  

The principal advantage in pipe bursting is the ability to install a new pipe, including pipe with the same 
or greater diameter than the existing pipe, without requiring open trench construction. Size upgrades of up 
to 25% are common, and up to 50% are possible, although challenging. However, pipe bursting does 
typically use manholes or excavation of significantly sized boring and receiving pits for access to the 
pipe. Pipe bursting is also unable to navigate turns and bends in pipe, although small offsets are 
inconsequential. Pipe bursting in runs where there are many HCS connections is also problematic. Every 
point of connection with another sewer lateral or HCS must be excavated in order to provide a 
connection. Similar to CIPP, the existing sewer line must be temporarily bypassed during construction if 
sewer functionality is to remain uninterrupted, or residents must be temporarily relocated. 

The majority of the laterals are 4-inch in diameter, and many may need to be upsized at least 50% to 6-
inch diameter. An increase in diameter makes construction more difficult and increases the likelihood of 
adverse effects to the immediate area. The act of pipe bursting has the potential to damage nearby utilities 
and structures. The shallow average depth of the laterals would magnify this tendency, and could cause 
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heaving and damage to existing stairs and walls. Pipe bursting is not recommended in locations where the 
depth of the pipe or the proximity to existing utilities is less ten times than the upsize diameter of the pipe, 
or approximately five feet where the pipe is upsized to 6-inches in diameter. Pipe bursting effectiveness is 
also somewhat dependent on the material surrounding the existing pipe, which may create challenges in 
locations with significant concrete or large cobbles surrounding the lateral. 

Pipe bursting is recommended in the situation where a lateral is fairly long and straight, without many 
HCSs or junctions, is deeper than five feet, is not close to existing structures or utilities, and is currently 
undersized. Bends and changes in direction encountered in the existing laterals would limit the length of 
pipe bursting significantly. The excavation of numerous boring and receiving pits at locations where the 
pipe changes direction could be costly, and limited separation of existing utilities may make locating the 
access points difficult. Although the ability to upsize the pipe using a trenchless technology would be a 
great benefit, the existing sewer lateral piping in the pilot area is generally not considered suitable for pipe 
bursting, although there may be limited areas where this technique is feasible, and wider applicability 
throughout Old Bisbee. 

5.4 ALTERNATIVE 4: OPEN TRENCH REPLACEMENT 

Open trench replacement involves excavation to expose and replace the sewer lateral, either adjacent 
within the same trench in the same location as the existing pipe, requiring removal of the existing pipe. 
Cleanouts would be installed at significant bends in the new pipe alignment, and the pipe would be 
constructed to slope at a relatively consistent grade and straight alignment between cleanouts, as allowed 
by the existing conditions. Replacement of the existing pipe would typically be with PVC in suitable 
locations, and DIP in locations where slopes are severe or depth is too shallow to allow PVC. HDPE may 
be used as a possible pipe material if precautions are taken to eliminate sags in the pipe due to the 
material flexibility.  

The main advantages to open trench replacement where the pipe is kept in the same horizontal and 
vertical alignment are that connections to individual HCSs will not require rerouting or additional 
plumbing, and that a larger diameter pipe may be installed to increase capacity if needed. This 
replacement method is most suitable for areas with numerous service connections, short segments 
between bends, and locations where the existing pipe is too severely compromised to allow the use of a 
liner or other in-situ technology.  

Open trench replacement would be problematic in many areas of Old Bisbee due to factors associated 
with construction access. In many areas, digging would need to be done by hand, and the logistics of 
managing soil and concrete removal and replacement would be expected to add significant cost and time 
to construction. Vibration associated with excavation and construction work could be damaging to 
adjacent structures. In areas of open trench construction, it may be necessary to provide residents with 
alternative accommodations while the lateral is being replaced due to the disruption to stairway and 
building access and/or the inability to discharge to the HCS during construction. If access to homes can be 
maintained, bypassing would likely be required for HCSs during construction, if the existing line cannot 
be maintained in service. 



Sewer Lateral Evaluation Pilot Project City of Bisbee 

WestLand Resources, Inc. 14 
Engineering and Environmental Consultants 
 
Q:\jobs\1700s\1719.01\Final report\Bisbee Final Report 9.28.12.docx 

Construction challenges and costs could be expected to increase significantly when the construction 
requires removal and replacement of existing stairs. The removal and replacement of concrete stairs 
would be expensive and time consuming, and residents who have a stairway as their sole means of 
physical access would need to either have that access maintained or be provided with alternative 
accommodations.  

Another consideration in open trench construction is the proximity of existing utilities to the existing 
sewer laterals. In many cases, the existing utilities are less than two feet from the lateral, and would have 
a high probability of being encountered during construction. These utilities would require support and 
protection when exposed, and would complicate the maneuvering of the new sewer pipe into position. 

Although there are considerable challenges associated with open trench installation of new sewer, it may 
nevertheless be necessary, and may become the preferred alternative in some areas of the sewer lateral 
rehabilitation project. 

5.5 ALTERNATIVE 5: RELOCATION AND REPLACEMENT  

Relocation and replacement consists of abandonment of the existing sewer in place following the 
construction of a new sewer in close proximity. It is anticipated that in many cases the new sewer could 
be installed in either an open trench or within a concrete encasement above or just below the stair grade, 
to the side of many stairways (Figure 4). In areas of sufficient cover and where slope does not prohibit its 
use, PVC may be the preferred option, and in other areas, DIP would be preferred. In all areas of exposed 
pipe, DIP would be the material of choice. 

In the scenario where the sewer can be relocated and replaced, the new sewer could potentially be 
constructed more closely in compliance with ADEQ or Uniform Plumbing Code guidelines. Relocating 
the sewer lateral to a more convenient location may allow adequate horizontal and vertical separation 
between the sewer lateral and existing utilities. In some cases, the pipe may be encased in concrete where 
separation is insufficient or where access to the pipe needs to be limited.  

A significant advantage of relocation is that the existing pipe may be maintained in operation while the 
new pipe and HCSs are being constructed, which reduces the need for bypassing of existing HCSs, or 
temporary relocation of homeowners during construction when they cannot discharge to the sewers. Once 
construction of these components is completed, the existing HCSs can be rerouted to the new public 
sewer lateral, reducing the amount of downtime of the system. The existing pipe can then be grout filled 
and abandoned in place.  

In sections of laterals under stairways that are unsuitable for trenchless rehabilitation methods, relocation 
of pipes may minimize the impact to the existing stairs. In this scenario, the pipe would be relocated to 
the side of the stairwell, typically maintaining the sewer on the side where most of the HCSs enter. In 
many locations, the pipe can be placed at stairway grade and protected or encased in concrete, or even run 
along the top of the small curb at the side of the stairs where such a curb exists. Where access to homes 
and other crossings are required, this option would require a section of the stairway to be to saw-cut and 
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removed, with the pipe placed below grade. Utility clearances may require the sewer lateral to be concrete 
encased. New handrails could be installed above or immediately inside the edge of the new sewer lateral, 
as appropriate. Using this approach, the majority of the stairway would not be excavated, but care must be 
taken that the resulting pipe and/or encasement does not negatively affect the travel corridor due to a 
decrease in the width of the stairs.  

In areas where HCS connections will be required on both sides of the stairwell and sufficient room exists, 
a sewer lateral pipe could be run parallel on both sides of the stairway, or the laterals may have to be 
rerouted to intersect the sewer lateral. One disadvantage to relocation of the sewer laterals is the necessity 
of rerouting the HCSs to meet the new public sewer lateral location. In some areas, this may require 
significant plumbing, especially if the existing sewer and new sewer are not at the same elevation. Where 
the new sewer will be placed in a concrete encasement to the side of the stairwells, the HCS will need to 
be rerouted to meet the new public sewer lateral downstream of the existing connection in order to ‘catch 
grade’. This may be difficult in congested areas. As an additional consideration, which applies to many of 
the sewer rehabilitation options, the HCS may be in as bad or worse shape than the mainline, and finding 
a suitable spot for connection may be difficult and require replacement of a portion of the existing HCS. 

Relocation of the existing pipe should be considered in areas found not suitable for trenchless methods, 
especially in areas where numerous bends and grade changes may be eliminated with a new alignment. 
The relocation of the pipe to the side of the stairs is preferable to open trench replacement except in cases 
where there is not sufficient room at the side of the stairs for the encasement, or the excavation may cause 
issues with stability of existing structures.  

5.6 ALTERNATIVE 6: ALTERNATIVE SEWER METHODS 

Alternative sewer methods were considered in the review of options for the sewer lateral rehabilitation 
project. Pressure sewers involve the use of small grinder pumps at each house connection, and the 
installation of a small diameter sewer line that will either connect to an existing lateral or directly with the 
public mainline sewer. These grinder pumps allow the sewage to be routed regardless of grade, and can 
pump sewage up to 180 feet vertically in certain circumstances. Grinder pumps reduce the size of the 
solids, and therefore would likely reduce the size of the pipe necessary for sewage flow. In Old Bisbee, 
the use of grinder pumps may reduce the depth and location of pipe by not requiring the sewer to have a 
constant grade downward. The pipelines are designed similarly to a pressurized waterline, are generally 
smaller than gravity sewer lines, and would be able to bend and change grades as required. New pressure 
sewers could be installed by sliplining the existing sewer laterals in areas where all homes could be 
removed from the gravity lines, or new pressure sewers could be installed adjacent to or within the 
stairway or slope. 

Pressure sewers may be useful in areas where there are multiple parallel laterals in close proximity. In 
these cases, the potential exists to only rehabilitate one existing lateral and route pressure sewers into it 
from houses that originally connect to other areas. This option may only be feasible in areas where 
sufficient access between buildings was available, and where the pressure sewer alignment would not 
raise other issues with historic considerations or utility conflicts.  
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Another alternative briefly considered was the use of composting toilets or other alternative waste 
disposal methods to eliminate the majority of solid wastes from the sewers. This would still require 
gravity sewers for liquid wastes associated with showers, sinks, dishwashers, and clothes washers. It is 
not anticipated that the cost of sewer rehabilitation would be considerably reduced by the elimination of 
solids, because the majority of sewers are in such poor condition that rehabilitation would still be 
necessary to reduce exfiltration of liquids. It’s possible that slightly smaller diameter sewers could be 
used if only liquids were expected, but probably not smaller than the already planned 4-inch lines. This is 
not considered to be a particularly feasible option for wide-spread use, although it could be implemented 
in specific areas where solids deposition is a problem. Installation of composting toilets or other methods 
of removing solids in the system would be expected significantly reduce issues with blockages and 
backups of the associated laterals in the period prior to the sewer rehabilitation project.  

The addition of pumps or alternative solid waste disposal methods to the Bisbee sewer system would 
represent a significant alteration in the current method of sewer operations. Assuming that the City would 
be responsible for the operation and maintenance of the pressure sewer systems, it would also require 
training of the existing City of Bisbee employees in the maintenance associated with pumps and pressure 
systems, and incorporation of the cost of maintenance and operation of the systems into the City’s budget. 
It is possible that the use of pressure sewers or even alternative solids disposal methods may be beneficial 
in certain limited situations. 

6 REGULATORY REQUIREMENTS AFFECTING SEWER DESIGN  

6.1 REGULATORY FRAMEWORK  

Over one hundred years have passed since the original construction of the wastewater conveyance system 
in Old Bisbee, and in that time many standards and regulatory requirements have been established for 
sewer design. Wastewater facilities in Bisbee are currently regulated by the Arizona Department of 
Environmental Quality (ADEQ). Title 18, Chapter 9 (R18-9) of the Arizona Administrative Code (AAC) 
details the requirements and associated permits for sewage collection and treatment systems. The 
requirements of the currently accepted version of the plumbing code may also be relevant. The use and 
application of ADEQ and plumbing code requirements in the sewer replacement projects will need to be 
developed and refined as the pre-design and design phase progresses, to determine ADEQ acceptability of 
the proposed approach to sewer replacement and rehabilitation. This section of the report outlines a 
number of criteria and proposed alternative design concepts that may become relevant during this process. 

If the sewer lateral rehabilitation maintains the same size and location of the lateral, such as a CIPP lining 
project, this is considered a repair, and would not require ADEQ permitting. However, any additions to or 
alterations of the existing sewage collection system would require review by the ADEQ Engineering 
Review Unit to assure compliance with the relevant sections of the Aquifer Protection Permit (APP) rules 
and Safe Drinking Water Act (SDWA) rules in Sections R18- 9 and R18-5, respectively, of the AAC. 
Section R18-9-E301 lists the requirements and fees to obtain a Type 4.01 General Permit (Notice of 
Intent to Discharge for Sewage Collection Systems). R18-9-B301, Section K covers the requirements 
associated with using a Type 1.11 General Permit.  



Sewer Lateral Evaluation Pilot Project City of Bisbee 

WestLand Resources, Inc. 17 
Engineering and Environmental Consultants 
 
Q:\jobs\1700s\1719.01\Final report\Bisbee Final Report 9.28.12.docx 

ADEQ has indicated that the Bisbee sewer lateral rehabilitation project would likely be addressed under 
the Section 4.01 permitting process, as ADEQ would typically expect 8-inch sewers with manholes in 
similar public sewer conditions serving multiple buildings, despite the estimated flows of less than 3,000 
gallons per day in laterals serving less than 8 to 10 homes, which was the case for most of the pilot area 
(see discussion below regarding permitting criteria and limitations). It is anticipated that there may need 
to be a request for exemption from certain typical design criteria for this project, due to the unique 
circumstances and special challenges to design and construction that occur throughout the Old Bisbee 
area. These circumstances will need to be discussed with and approved by ADEQ on a case-by-case basis 
during the design process, although some comments and proposed exceptions are presented as follows.  

A number of the key elements regarding the ADEQ permits and discussions with ADEQ on the 
applicability to the Old Bisbee sewer lateral rehabilitation project are outlined as follows: 

• A Type 1.11 General Permit allows the operation of a sewage collections system that serves 
upstream from the point where the daily design flow is less than 3,000 gallons per day, or a single 
gravity sewer line conveying sewage from a building directly to an interceptor, lateral, or 
manhole regardless of design flow if the requirements of Section R-18-9-B301 K are met. Type 
1.11 permits do not require a formal submittal to ADEQ (i.e. a Notice of Intent); however, Best 
Management Practices to reduce discharge of pollutants and performance standards per Section 
R-18-9-E301 must still be followed. Therefore, public sewer laterals that would be covered under 
a Type 1.11 General Permit must generally conform to the same design and construction criteria 
as those that fall under a 4.01 Permit.  

• Section 4.01 applies to all portions of a sewage system downstream of a point where the daily 
design flow is 3,000 gallons per day (gpd) based on ADEQ’s unit design flows, any sewage 
collection system that includes a manhole, or a sewage collection system that includes a force 
main or lift station serving more than one dwelling.  

• Section 4.01 does not apply to a sewer line conveying sewage from a single building drain into an 
interceptor, collector sewer, lateral, or manhole regardless of daily design flow.  

• Portions of a repair, rehabilitation, and/or replacement project which meet any of the 4.01 Permit 
criteria require design plans and design report signed and sealed by an Arizona-registered 
Engineer. 

• ADEQ anticipates that each public lateral run will be considered a separate project, and would 
require a separate 4.01 Permit, with fees addressed as follows (fees are current as of August 
2012): 

o Realignment of any short sections of sewer lateral, without any change in design flow or 
pipe size will require a fee of $500.  

o Installation of a new gravity sewer with design flows of less than 10,000 gallons per day 
would require a fee of $1,000. 

o Requesting that ADEQ review and approve a feature of improved or alternative 
technology, design, setback, installation, or operation from the general permit 
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requirements per R18-9-A312.G requires a fee of $750. However, this fee is per design 
change, and if a single change is utilized in a consistent manner throughout the Bisbee 
public sewer lateral collection system, then the change is considered a single request. 

• The ADEQ-preferred approach to filing for approval of construction (Discharge Authorization) at 
the end of the entire construction project does not contemplate the situation where a section of the 
sewer facilities need to be brought into service prior to the completion of the full project. Because 
each lateral may be permitted as an individual project, this somewhat limits the permitting 
complexity, but there will still likely be numerous instances when HCSs will need to be 
connected and discharge to a new sewer immediately upon lateral construction, which will 
require on-going coordination with ADEQ during construction. 

6.2 APPLICABLE CODE SECTIONS AND PROPOSED EXCEPTIONS  

The follow sections provide design requirements from AAC R18-9, as well as certain proposed 
exceptions to those requirements that are expected to be necessary for the Old Bisbee sewer lateral 
rehabilitation project. Sections quoted directly from the AAC are presented in italics. 

R18-9-E4.01 Section (D)(2)(d): 

Ensure that each sewer line is 8 inches in diameter or larger except the first 400 feet of a dead 
end sewer line with no potential for extension may be 6 inches in diameter if the design flow 
criteria specified in subsections (D)(1)(a) and (D)(1)(b) are met and the sewer line is installed 
with a slope sufficient to achieve a velocity of at least 3 feet per second when flowing full. If the 
line is extended, the applicant seeking the extension shall replace the entire length with larger 
pipe to accommodate the new design flow unless the applicant demonstrates with engineering 
calculations that using the existing 6-inch pipe will accommodate the design flow. 

Comments and Proposed Exceptions:   

Many of the sewer laterals in the Bisbee area are 4- or 6-inch diameter. Almost all of these lines are also 
less than 400 feet in length. Because of the unique considerations in Old Bisbee, it is preferable to 
continue to use the smaller diameter pipe for sewer lateral rehabilitation and replacement. It is anticipated 
that 4- and 6-inch laterals will generally be sufficient for the flows expected and the slopes available for 
the sewer laterals. If the project constitutes a repair, such as a CIPP lining project, this would not need to 
be submitted to ADEQ for a 4.01 Permit. However, for a project that does need to be permitted through 
ADEQ, the public sewer laterals would be able to be rehabilitated with the same sized pipe provided that 
the following conditions are met:  

• Calculated future demand on pipe will not exceed the pipe capacity. 

• Cleanouts are provided every 100 to 150 feet along the 4- or 6-inch run. 

• The line is at a slope sufficient for velocities of greater than 2 to 3 feet per second when flowing 
full. 
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R18-9-E4.01 Section (D)(3)(a): 

An applicant shall install manholes at all grade changes, size changes, alignment changes, sewer 
intersections, and at any location necessary to comply with the following spacing requirements: 

Sewer Pipe Diameter 
(inches) 

Maximum Manhole 
Spacing (ft.) 

Less than 8 400 
8 to less than 18 500 

18 to less than 36 600 
36 to less than 60 800 

60 or greater 1,300 

Comments and Proposed Exceptions:   

The existing sewer laterals in Old Bisbee do not currently follow straight paths to reach the points of 
connection to the mainline public sewer. Where bends exist, there are generally no manholes or cleanouts. 
To meet ADEQ manhole requirements would be very difficult and cost-prohibitive. Additionally, the 
limited space along many sewer lateral runs would preclude the construction of a full manhole in most 
locations. The installation of new manholes as part of the sewer lateral rehabilitation is therefore expected 
to be minimal. In place of manholes where they are not practical, the City should construct cleanouts at 
grade and direction changes, and frequently along straight runs (every 100 to 150 feet) to facilitate access 
for maintenance. 

R18-9-E4.01 Section (D)(2)(b): 

An applicant shall cover each sewer line with at least 3 feet of earth cover meeting the requirements 
of subsection (D)(2)(h). The applicant shall: 

i. Include at least one note specifying this requirement in construction plans; 
ii. If site-specific limitations prevent 3 feet of earth cover, provide the maximum cover 

attainable, construct the sewer line of ductile iron pipe or other design of equivalent or 
greater tensile and compressive strength, and note the change on the construction plans; and 

iii. Ensure that the design of the pipe and joints can withstand crushing or shearing from any 
expected static and live load to protect the structural integrity of the pipe. Construction plans 
shall note locations requiring these measures. 

Comments and Proposed Exceptions:   

The minimum depth requirement of three feet shall be waived under the following circumstances: 

• Replacement pipe will be DIP of an appropriate class for the load. Interior lining options for DIP, 
such as cement lining versus epoxy coating, and the appropriateness of each alternative for the 
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conditions in the lateral rehabilitation project will need to be further examined during detailed 
design. 

• CIPP for existing sewers of less than three feet of depth must be designed for appropriate loading.  

• Pipe running down existing stairwells may be installed along the stairwell and encased in 
concrete. 

• Pipe installed in hard-rock areas which are common to Old Bisbee and which are not readily 
excavated shall employ alternate means of protection and isolation (DIP/concrete encasement as 
appropriate). 

R18-5-502 Sections (C)(1)(a) and (C)(1)(b): 

A water main shall not be placed within 6 feet, horizontal distance, and below 2 feet, vertical 
distance, above the top of a sewer main unless extra protection is provided. Extra protection shall 
consist of constructing the sewer main with mechanical joint ductile iron pipe or with slip-joint 
ductile iron pipe if joint restraint is provided. Alternate extra protection shall consist of encasing 
both the water and sewer mains in at least 6 inches of concrete for at least 10 feet beyond the 
area covered by this subsection (C)(1)(a). 

A water main shall not be placed within 2 feet horizontally and 2 feet below the sewer main. 

Comments and Proposed Exceptions:   

Where space is too limited to allow for six-foot separation between sewer and water lines, alternate 
methods of isolation will be employed, including but not limited to concrete encasement of sewer line or 
placement of the sewer within a jointless carrier pipe.  

R18-5-502 Section (C)(2): 

No water pipe shall pass through or come into contact with any part of a sewer manhole. The 
minimum horizontal separation between water mains and manholes shall be 6 feet, measured 
from the center of the manhole. 

Comments and Proposed Exceptions:   

As discussed previously, the use of manholes is expected to be somewhat limited in the sewer lateral 
rehabilitation project. Where space is too limited to allow for six-foot separation between sewer manholes 
and waterlines, alternate methods of isolation will be employed, including but not limited to concrete 
encasement of sewer line or placement of the sewer within a jointless carrier pipe. Water pipes will not be 
permitted to pass through or come into contact with any part of a sewer manhole. 

7 GENERAL DESIGN AND CONSTRUCTION ISSUES AND CHALLENGES 

This section provides an overview of some of the issues and constraints associated with any 
recommended design and construction project associated with the repair, rehabilitation, and/or 
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replacement of the sewer laterals in Old Bisbee, including aged and historic structures in and near the 
project area, steep terrain, narrow corridors, limited access, proximity to other utilities, and property 
ownership. 

7.1 HISTORIC PRESERVATION  

The City of Bisbee is located approximately 90 miles southeast of Tucson and is the Cochise County 
Seat. The City was originally founded in 1880, and was the location of the Copper Queen Mine. In the 
early 1900’s, when much of the sewer system in Old Bisbee was built, the population was approximately 
20,000 people. Although a fire destroyed much of the original town in 1908, the town was almost 
immediately reconstructed, and much of the historic district remains intact today.  

A study of cultural resources was performed prior to the 2005 Bisbee Wastewater Improvement Project, 
in which the City rehabilitated/replaced the public sewer mains and constructed a new wastewater 
treatment plant. The results of the cultural resources survey are provided in two technical reports 
produced by Desert Archaeology (DIA): Cultural Resources Survey of the Bisbee Wastewater System, 
Bisbee, Cochise County (Arizona DIA Report No. 2002-02) and Addendum to the Cultural Resources 
Survey of the Bisbee Wastewater System, Bisbee, Cochise County, Arizona (DIA Report No. 03-110).The 
summary conclusion of these surveys was that the original Bisbee Wastewater Improvement Project 
would affect standing historical features, the integrity of which affects the National Register eligibility of 
the Bisbee National Historic District and the historic Warren Townsite.  

Although the report and addendum were not prepared specifically for the proposed public lateral sewer 
repair, rehabilitation and/or replacement project, most of the recommendations are still applicable. The 
report recommends avoidance of all historic features when possible but recognizes that historic features 
such as roads, stairways, and sidewalks would have to be impacted during the project. It is recommended 
that repairs be historically compatible. Abandoned sewer lines should be physically removed if they are 
above ground and stabilized in place if below ground. Historic stairways should be preserved if possible; 
if preservation is not possible, they should be reconstructed to reflect the historic character. The report 
recommends that the historic integrity of the sidewalks be rated so that a case-by-case determination of 
the proper mitigation measures can be undertaken. 

The report also recommends avoidance of any vacant lots because these may contain the buried remains 
of historic structures that may be eligible for listing on the National Register. If disturbance of vacant lots 
cannot be avoided, a monitoring and discovery plan should be developed that details the procedures to 
follow if significant historic features are located below the ground surface.  

7.2 PROPERTY OWNERSHIP 

Design and construction for sewer laterals is expected to be complicated by issues associated with 
property ownership in the areas needed for access and construction. The City does have actual City-
owned and maintained ROW in some of the stairways and sidewalk corridors, but many of these locations 
are actually private property, and the stairs and pathways are owned by the adjacent homeowners. The 
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exact property ownership/ROW condition is not always well understood, and considerable research may 
be required to determine the situation at each sewer lateral. The historical nature of the Old Bisbee area 
can make property considerations challenging to evaluate.  

The City addresses the property ownership issues with respect to sewer lateral operations and 
maintenance by City Ordinance, which allows the City access to any existing sewer laterals for operations 
and maintenance, regardless of the underlying property ownership. However, this right of access is not a 
true easement on privately-owned property. The City would have to consider the implications, should the 
sewer lateral be relocated as a part of construction, and those related to having private contractors 
working on the sewer laterals in areas that are not City ROW. In addition, there are funding agency 
requirements, specifically for projects funded by US Department of Agriculture Rural Development, 
Rural Utility Service (RUS) funded, related to ROW and easement certification in the project area that 
must be completed prior to construction projects. The City may not currently meet the RUS criteria for 
many of the existing sewer lateral locations. 

7.3 SEWER JURISDICTION AND CONDITION OF PRIVATE HCSS 

The City must carefully determine the scope of any sewer rehabilitation project and the benefits versus 
costs and risks of the project. From the perspective of ideal sewer function, all the sewer laterals would be 
repaired as far upstream as necessary to address the issue with poor condition. However, the benefits of 
the rehabilitation must be weighed against responsibility, expense, and liability for the City. 
Rehabilitating private laterals would be outside the City’s typical realm of responsibility, besides being 
cost prohibitive and creating the unnecessary risk associated with work on private property. Some Federal 
funding may be available to assist very low income households perform private HCS replacements, and 
encouragement or requirement for private homeowners to perform necessary HCS repairs and 
replacements should be considered.  

7.4 PROXIMITY TO OTHER UTILITIES 

One additional complicating factor in the design and construction of sewer lateral replacements is the 
proximity of the sewer laterals to the other utilities serving homes and businesses on the hillsides and 
stairways. The majority of other utilities are located in close proximity to sewer mains and sewer laterals 
throughout Old Bisbee. Utility providers within the Bisbee are indicated in Table 1. 

Table 1. Utility Providers in Bisbee 
Utility Utility Provider 

Water Arizona Water Company 
(520) 432-5321 

Gas Southwest Gas 
(877) 860-6020 

Electric Arizona Public Service (APS) 
(520) 364-4451 

Telephone Century Link 
(520) 458-2329 

Cable Cable One 
(520) 432-5397 
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The majority of the water lines and gas lines run up the same stairways and hillsides as the sewer laterals, 
either under or adjacent to the stairs. In a number of cases, available Bluestake markings indicate that the 
sewer lateral, water line, and/or gas line are immediately adjacent to each other beneath the stairs, or there 
are close parallel runs, often with multiple crossings. In other locations, the three utilities run up the side 
of the stairs together, either buried or connected to the side of a structure. In certain locations, steel gas 
lines actually run along or constitute the handrails of the stairways. All of these items would need to be 
considered in the approach to sewer design and construction/rehabilitation in the area. Specific 
construction considerations relative to utilities are discussed in Section 6.5, General Construction 
Challenges. 

Generally, electrical, phone, and cable lines appear to be overhead on poles, with overhead drops from the 
poles to the buildings, although there are reported to be some instances of underground dry utilities as 
well. Although the overhead configuration creates fewer issues associated with underground work during 
sewer construction, there are construction considerations associated with the proximity to overhead utility 
lines for large construction equipment, as discussed in Section 6.5, General Construction Challenges. 

7.5 ACCESS AND CONSTRUCTION CORRIDORS 

One unique aspect to Bisbee, and a source of civic pride, is the Old Bisbee historic stairways. The town 
originally developed somewhat organically with numerous small terraces along the sides of several steep 
canyons within the Mule Mountains, with many homes having the aforementioned stairs as their sole 
physical access, via only pedestrian means. In some locations in Old Bisbee, a home may be 200 feet or 
more from the nearest street, and be 100 feet higher than the street in elevation. These access issues are 
compounded by the narrow public streets that were originally designed for horse and buggy travel. 
Typically these streets are only 14 to 20 feet wide within the city, barely wide enough for two cars to pass 
in opposite directions. Nearly all streets are also without shoulders; instead, having buildings, slopes, 
retaining walls, or fences immediately adjacent to the roadway.  

The access issues in the main roadways and on the hillsides and staircases have a great impact on any 
construction work that may be undertaken in Old Bisbee. First, these constraints limit the use of heavy 
machinery. Nearly all trenching will have to be done by hand, with material transport be either by hand or 
conveyor system. The narrow width of the roadways will limit use of cranes or other equipment with 
outriggers to wider areas, generally those spots parking spaces. Additionally, homeowner access during 
construction would need to be maintained during construction, unless other arrangements are made for 
short periods of time. The narrow stairways and roads will need to be accessible and safe during 
construction for the residents of Bisbee. Fire service and medical vehicles must not be delayed from 
passing through construction areas for any length of time in order to preserve public safety in Old Bisbee. 
A number of these issues are discussed in more detail in Section 6.5, General Construction Challenges. 
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7.6 GENERAL CONSTRUCTION CHALLENGES  

Construction projects in Old Bisbee are not without precedent, and an effort was made to consult with 
companies currently working in the City to determine methods for expediting construction and efficiently 
performing tasks. The following sections describe specific safety and other construction issues that have 
come up during these current projects, and identified methods for minimizing impacts. 

7.6.1 Emergency Vehicle Access 

All public streets in the City of Bisbee will need to remain open for emergency vehicles to pass during 
construction work. These streets are not always wide enough to allow an ambulance or fire truck to pass a 
parked work vehicle; therefore, these parked vehicles must be able to be moved out of the emergency 
vehicle path in less than thirty seconds. Contractors have complied with this mandate by staging drills to 
practice vehicle removal, and have eliminated the use of vehicles requiring a longer start-up and move 
time such as vehicles with booms or outriggers, or equipment that must be tied down in areas where an 
emergency vehicle cannot pass. Workers at the site are also encouraged to carpool in order to minimize 
the number of vehicles in the construction area.  

7.6.2 Fire Potential 

The typical dry conditions fire season in the City of Bisbee runs from mid-May to mid-September. 
Contractors must exercise additional caution during these months to prevent the accidental ignition of 
combustible materials. Generally, welding, heat, or work that could cause a spark, and work in areas with 
heavy brush is limited during this time of year. Currently contractors have kept a water truck handy 24 
hours a day to assist the local fire department with fire suppression, and have limited their work areas to 
more accessible locations during this period, to allow for easier access in the case of a fire.  

7.6.3 Contaminated Soil 

The soil in the Old Bisbee area has been documented as having the potential for contamination due to the 
City’s proximity to historic mining and smelting activity. There is an ongoing remediation project to 
address the soil contamination where it has been identified in Old Bisbee. However, not all property 
owners have consented to the soil sampling and remediation, nor has remediation been completed in all 
public areas that may be affected by soil contamination. This issue will have to be addressed on a site-by-
site basis prior to construction work on sewer laterals, to determine any required action, and/or 
appropriate levels of protection for construction workers. 

The City of Bisbee was the site of a large fire in the early twentieth century, which destroyed many of the 
buildings in town. After this, the use of asbestos shingles was encouraged to discourage a reoccurrence of 
this event. Today, these shingles are commonly found in empty lots and fill areas in Old Bisbee. Removal 
of these shingles if encountered requires a certified professional. 



Sewer Lateral Evaluation Pilot Project City of Bisbee 

WestLand Resources, Inc. 25 
Engineering and Environmental Consultants 
 
Q:\jobs\1700s\1719.01\Final report\Bisbee Final Report 9.28.12.docx 

In addition to other hazards mentioned above, there is a possibility of a contractor encountering sewage 
contaminated soils during sewer lateral construction. These areas may need to have soil removed and 
replaced with clean fill prior to backfilling. 

7.6.4 Retaining Wall and Building Safety 

The service life of concrete and other construction materials used for retaining walls and buildings is 
based on many factors, including age, thickness, environmental exposure, and presence of reinforcement. 
In Old Bisbee, many of the retaining walls were likely installed 100 years ago or more, and show signs of 
significant stress, including crumbling, creep/leaning, and spreading cracks. Many buildings are also in 
the range of 100 years old. Structural integrity of all the structures in the sewer lateral corridors should be 
a serious consideration during design as well as construction, as repair, rehabilitation and/or replacement 
methods requiring excavation near retaining walls and other aging structures may be inadvisable or 
potentially dangerous. 

It is important for contractors to be aware during construction that walls and buildings may not be 
structurally sound, and steps must be taken to protect both the contractor and the public from unsafe 
conditions. Currently contractors use devices to monitor for movement in areas that appear unsafe and 
report any unsafe conditions to licensed professionals for inspection. Contractors also shore up walls that 
are close to excavation areas, and dig by hand whenever excavation is within three to five feet of the base. 
Their typical minimum offset from a retaining wall or other old facility is 18 inches, although this may be 
increased to three to five feet depending on the specific site conditions. These measures may not be 
suitable for all conditions, and it is recommended that a licensed professional provide an assessment 
whenever there is doubt as to the stability of a wall or structure. It is possible that walls may have to be 
replaced or otherwise addressed in the construction area. 

Construction at the top of a wall entails additional safety hazards. The potential for falls or collapse are 
present during construction near any retaining wall. Currently contractors use fall protection when 
working near a wall greater than four feet in height. This may require boring into an area safely away 
from the retaining wall and the use of concrete or other methods for anchoring. 

7.6.5 Proximity to Power Lines 

As previously noted, Old Bisbee’s power and telephone system is almost entirely composed of overhead 
lines, which cover the city in a fairly dense network. This means that most areas of construction will be 
close to, if not directly under, an overhead line. Contractors will need safety inspectors to determine the 
areas where cranes may be used due to proximity to overhead lines. If it appears that a crane is feasible, 
the contractor will generally bring the crane and operator to the site prior to the work to review the 
logistics and determine if it will be able to perform adequately under the field conditions. In many areas, 
cranes are not used in favor of other means of transporting construction materials. 
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7.6.6 Protection of Underground and Aboveground Utilities 

As previously noted, other utilities may exist in close proximity to the construction area for the sewer 
laterals. Existing water, gas, and sewer lines must be protected in place during construction. Bluestake 
locations for existing utilities may not be accurate, as there are limited records in many areas. For 
example, the majority of known underground sewer laterals in Old Bisbee have been identified because 
the sewer system operators have excavated the laterals during repair projects. There may be instances 
where utilities are damaged due to a previously unknown location and/or are determined to be in 
extremely poor condition when they are encountered, requiring spot repairs during construction. In 
addition to underground utilities, the contractor will have to be aware of and protect the locations where 
above ground utilities occur within the construction area, especially gas mains. This may require the use 
of flagging, fencing, or barricades in some situations. 

It is likely that the selection of repair, rehabilitation, and/or replacement methods and the preparation of 
associated design plans and specifications for construction will be based on the best available information 
at the time of design; therefore, there will need to be extensive potholing during construction to locate the 
underground utilities accurately. In some cases it is possible that the field conditions during construction 
will require some re-evaluation or re-design of the sewer lateral repair, rehabilitation, and/or replacement 
methods.  

7.6.7 Soil Transportation Logistics 

The steep slopes and narrow access of the public sewer laterals will preclude placing any soil excavated 
from a trench adjacent to the trench during construction. Additionally, heavy machinery for moving soil 
will not be able to access the vast majority of the construction area, and will limit the contractor’s ability 
to use this type of equipment to assist excavation. Contractors have addressed this issue in several ways, 
as discussed below.  

For areas that have adequate space, contractors have set up conveyor systems to transport soil away from 
the construction site to a staging area and back. The conveyor used must be small enough to be carried by 
hand up a stairway next to an excavation and still allow stairway access when installed, yet be durable 
enough to transport soil, rock, and broken concrete. The conveyors must also be capable of transporting 
both up and down steep slopes. An example of conveyor equipment previously used for this purpose is 
the E-Z Lift Belt Bucket Conveyor by Multilift, Inc., Denver, Colorado. The E-Z lift has a 10-inch wide 
belt, and comes in sections as small as 12-feet that weigh 240 pounds. A potential problem with 
conveyors is that the contractor found difficulty procuring them in sufficient numbers. These conveyors 
are apparently time consuming to manufacture, and sufficient lead time would need to be provided. In 
addition, these conveyors are generally for food service applications, and are provided with light-duty 
conveyor belts and other parts. The conveyors have required significant retrofit and ongoing maintenance 
by the contractor to enable them to provide adequate service in field conditions moving soil, rock, and 
concrete. 

For areas that are too steep or narrow for conveyors, a bucket brigade system is used. In this instance, 
workers stand in a line a distance apart determined by the safe ability to pass the soil in buckets one to the 
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next until the buckets reach an area where movement by conveyor or heavy equipment is possible. This 
solution is clearly labor intensive, and care must be taken to ensure the safety of the workers moving the 
soil. 

In some instances, contractors have deposited Bobcats and other very small construction equipment by 
crane into constructed areas to assist in construction. This may be appropriate in certain areas with 
sufficient room to operate that are separated from the street by a steep stairway.  

7.6.8 Materials Transportation Logistics 

The weight of the pipe and other materials must also be considered for installation, especially on steep 
slopes and when using DIP. Four-inch DIP weighs approximately 13 pounds per linear foot. In some 
areas, this pipe must be carried by hand up the slope, adding significant difficulty to construction. The 
length of sections of pipe that may be installed on site may be limited by the ability to transport it safely.  

7.6.9 Water for Dust Control 

The use of water for dust control measures has been handled in several ways. The current contractor 
prefer to use the water near the construction site, and have coordinated with homeowners and used that 
homeowner’s water for construction needs, paying their water bill for them during the construction 
period. In other instances, where homeowners are either unwilling or unable to provide water, contractors 
have hauled water up to excavation sites via various methods, including backpacks full of water.  

7.6.10 Noise Issues 

The Old Bisbee is fairly densely populated, and any construction related to the public sewer laterals will 
generally take place very close to residences and businesses catering to tourists. Currently contractors 
have been required to start construction and/or excavation no earlier than 7:30 a.m. and end by 5:00 p.m. 
in order to minimize disruption to the community. Work that does not involve equipment, such as 
inspections, survey, or planning site visits may occur outside of these hours if they do not create 
significant noise or disruption. 

7.6.11 Staging Areas and Security 

An unfortunate aspect of construction in populated areas is the potential for vandalism, theft, or accidental 
contact. Bulk materials must be stored in areas inaccessible to the public, and all equipment must be 
stored securely. The narrow access around most public sewer laterals will also likely prevent temporary 
fencing of the construction site, and staging areas may need to be set up elsewhere for secure storage. 
This can be especially challenging in Old Bisbee due to the lack of large areas for storage near most of the 
sewer lateral locations. Locations for materials storage will need to be selected prior to construction, with 
materials and equipment brought to the work site only as-needed and in quantities that do not affect 
public and emergency access to roadways and stairs. Because of the challenges associated with access and 
security at the construction site, set-up and tear-down of materials and equipment and securing of the site 
may need to be undertaken at the beginning and end of every work day. Contractors have estimated that 




